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Our understanding of mind wandering (MW) has dramatically increased over the past 
decade. Studies have shown that in the vast majority of cases, MW is directed to times other 
than the present, and a bias toward the future has been reported (prospective bias).  
The processing of time is not independent of the processing of space: humans repre-
sent time along a spatial continuum, on a “mental time line” (MTL). In cultures with a left 
to right reading/writing system, the MTL expands from left to right. Capitalizing on these 
findings, here we aimed at investigating the effects of visuo-spatial processing on the tem-
poral orientation of spontaneous MW, and specifically we asked whether we could steer 
the temporal focus of MW towards the past or the future, by experimentally inducing a 
leftward and a rightward orienting of attention, respectively. To this aim, we experimen-
tally manipulated the spatial orientation demands associated with the focal task in two 
independent groups, with a leftward orienting of attention (left-pointing arrows, LA group) 
and a rightward orienting of attention (right-pointing arrows, RA group).  
We found that the temporal orientation of MW critically depended on the spatial ori-
entation demands of the task: specifically, the proportion of spontaneous past-oriented 
MW episodes was higher under the induction of a leftward orienting attention (LA group) 
than under the induction of a rightward orienting attention (RA group). The opposite pat-
tern was found for spontaneous future-oriented MW episodes. Possible mechanisms in-
volved in this effect and their implications for research on MW and spontaneous cognition 
are discussed. 
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In many situations in our daily lives we find ourselves being engaged in private 
thoughts or feelings that have come to our mind spontaneously, that is, without any con-
scious or deliberate attempt at eliciting them. These forms of cognition may occur while 
we are facing a task that requires our attention (e.g., reading a paper, attending a seminar, 
or driving a car).  
For a long time such spontaneous internally-directed cognition has been relegated to 
the sidelines of psychological research (e.g., studies on daydreaming in the 1960-1980s, 
Antrobus, Singer, & Greenberg, 1966; Giambra, 1979; Klinger & Cox, 1987; Singer, 
1966) and mainstream research has been focused almost exclusively on the investigation 
of deliberate cognitive processes, associated with specific cognitive tasks (task-centric 
view of mental processes, Christoff, Irving, Fox, Spreng, & Andrews-Hanna, 2016). 
However, during the last two decades, there has been a surge of interest in both psychol-
ogy and neuroscience toward the investigation of spontaneous cognition and, among the 
different kinds, a growing interest has been devoted to mind wandering (MW)/task-unre-
lated thoughts (TUTs) (see, for a review, Smallwood & Schooler, 2015). Specifically, 
MW refers to the “shift of attention away from a primary task toward internal infor-
mation” (Smallwood & Schooler, 2006, p. 946) whose content is unrelated to the task 
and may comprise memories or prospective thoughts. 
An increasing number of studies has shown that MW is ubiquitous and pervasive 
(Killingsworth & Gilbert, 2010), with people spending a lot of their daytime engaged in 
MW (on average, somewhere between 25% and 50% of the waking hours in Kane et al., 
2007; Killingsworth & Gilbert, 2010). The experience of MW has been found to be asso-
ciated with both costs – a reduction in the processing of external events (e.g., Barron, 
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Riby, Greer, & Smallwood, 2011), interfering with performance on a wide range of cog-
nitive tasks (e.g., Smallwood, McSpadden & Schooler, 2007) – and benefits – facilitation 
of autobiographical planning (Baird, Smallwood, & Schooler, 2011) and the maintenance 
of a sense of self-identity and continuity across time (e.g., Suddendorf & Corballis, 
2007). 
When our mind wanders, where does it go? Several studies on the temporal orienta-
tion of MW in healthy young adults have documented a prospective bias: people are more 
likely to think about the future compared to the past and the present, both in the laboratory 
and in daily life (e.g. Baird et al., 2011; Song & Wang, 2012; Stawarczyk, Majerus, Maj, 
Van der Linden, & D’Argembeau, 2011).  
However, this prospective bias has not been reported under all conditions. Recently, 
a number of studies has revealed that the temporal focus of MW might be affected by 
several experimental manipulations, being more flexible than originally suggested. For 
example, some studies have shown that negative/low mood tends to skew MW toward the 
past in the laboratory (e.g., Ruby, Smallwood, Engen & Singer, 2013; Smallwood & 
O’Connor, 2011) and daily life (Poerio, Totterdell & Miles, 2013), whereas cognitive load 
negatively affects the frequency of future thoughts (e.g., Smallwood, Nind & O’Connor, 
2009).  
Although, in the MW literature, MW episodes have been mainly described as self-
generated (e.g., Smallwood, 2013) and stimulus-independent (Antrobus, 1968), terms that 
emphasize their independence from perception and ongoing actions, some recent findings 
(e.g. Plimpton, Patel, & Kvavilashvili, 2015; Vannucci, Pelagatti, & Marchetti, 2017) sug-
gest that both the frequency and the temporal focus of MW may vary as a function of the 
external context, rather than being completely self-generated. For example, Vannucci and 
colleagues (2017) have recently shown that the exposure to task-irrelevant verbal cues (i.e. 
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word-phrases) during a vigilance task increases the frequency of spontaneous MW and 
steers its temporal orientation toward the past.  
Miles, Karpinska, Lumsden, and Macrae (2010) have found that apparent movement 
through space influenced the temporal focus of MW. Specifically, in the study participants 
performed a vigilance task and they were exposed to an animated star-field display that 
elicited an illusion of self-motion (i.e., vection). The contents of their MW were assessed 
retrospectively. The results revealed that the direction of vection modulates the temporal 
orientation of MW: in the forward vection condition participants reported a significantly 
higher proportion of future-related day dreams compared to their counterparts in the back-
ward vection condition. The authors interpreted this effect according to the viewpoint that 
mental time travel (a higher cognitive capacity) can have a sensory-motor grounding, so 
that the direction of thoughts is influenced by apparent movement in space.  
In a different but related research field, that is the study of time processing and time 
representation, consistent evidence has been reported that time processing is not independ-
ent of space processing: time and space are tightly linked in the physical world as well as 
in the human mind (Anelli, Candini, Cappelletti, Oliveri & Frassinetti, 2015; Anelli, Ciar-
amelli, Arzy & Frassinetti, 2016; Bonato, Zorzi & Umiltà, 2012; Thomas & Takarangi, 
2017; for a meta-analysis, see Macnamara, Keage & Loetscher, 2017).  
Specifically, several investigations revealed the influence of spatial coding on heter-
ogeneous aspects of time processing, as sensory time (i.e. perception of temporal duration) 
and more conceptual aspects (i.e. concept of past and future). For example, some studies 
have shown that manipulation of spatial attention biases temporal judgments according to 
the side of space where attention is oriented: leftward attentional shifts induce an underes-
timation of the temporal duration of a stimulus, rightward attentional shifts induce overes-
timation (e.g. Frassinetti, Magnani, Oliverio, 2009; Vicario, Caltagirone & Oliveri, 2007; 
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Vicario, Pecoraro, Turriziani, Koch, Caltagirone & Oliveri, 2008). As for the concept of 
past and future, studies have shown that people are faster to categorize past-related words 
when they are presented in the left hemispace, compared to the right part, with an opposite 
pattern for future words (e.g Kong & You, 2012; Santiago, Lupianez, Perez & Funes, 
2007). In line with these findings in healthy individuals, neuropsychological studies have 
shown that patients suffering from spatial neglect do not only neglect the left side of space 
but also past events (Saj, Fuhrman, Vuilleumier & Boroditsky, 2014).  
Altogether, these results demonstrate that humans represent time flow using a spatial 
layout that is along a spatial continuum akin to a “mental time line” (see for a review, 
Bonato et al., 2012; Bonato & Umiltà, 2014). In cultures with a left to right reading system, 
the mental time line expands from left to right: the past is associated with the left side of 
space and the future with the right side of space (e.g. Vallesi, Weisblatt, Semenza & Shaki, 
2014; but see Casasanto & Bottini, 2014 for the flexibility of the mental time line).  
In the present study, we aimed at capitalizing on these findings, by investigating in 
how far visuo-spatial processing and attention may impact upon the temporal orientation 
of MW. Specifically, we sought to assess whether we could steer the temporal focus of 
MW towards the past or the future, by experimentally inducing a leftward and a rightward 
orienting of attention, respectively.  
To address this question, in a context of a between-subjects design, we experimen-
tally manipulated the spatial orientation demands associated with the focal task in two 
independent groups, with a leftward orienting of attention and a rightward orienting of 
attention. To investigate MW, we employed a modified version of the vigilance task, al-
ready used in previous studies on MW (Plimpton et al., 2015; Vannucci et al., 2017) and 
we used a probe-catching procedure, by which participants were intermittently and 
pseudo-randomly interrupted and probed regarding the contents of their experience.  
Running head: Space and time interaction in mind wandering   
 
7 
Since several studies have shown that spontaneous and deliberate forms of MW are 
dissociable cognitive experiences (see for a review, Seli et al., 2016), when participants 
reported a thought at the probe, they were asked about the spontaneity of the thought. 
Given the association reported in the literature between past-oriented MW and negative 
mood, participants were screened for depression. 
In the present study, we also assessed and analyzed the phenomenological properties 
of spontaneous MW episodes, with a special focus on past and future oriented MW. To 
this regard, recent diary and laboratory studies comparing past and future involuntary 
thoughts have shown that the latter are reliably rated as more positive (‘future positivity 
bias’, see Berntsen & Jacobsen, 2008; Cole, Staugaard & Berntsen, 2016; Finnbogadόttir 
& Berntsen, 2013), more important to the self (Addis, Wong, & Schacter, 2008; Berntsen 
& Bohn, 2010, although see Berntsen & Jacobsen, 2008, Cole, Staugaard and Berntsen, 
2016) and more strongly associated with current concerns (i.e., uncompleted personal 
goals) than their mnemonic counterparts (Cole & Berntsen, 2015). Moreover, in some 
studies, future representations were found to be less subjectively vivid compared to past 
events (Berntsen & Bohn, 2010; D'Argembeau & Van der Linden, 2004, 2006; Gamboz, 
Brandimonte & de Vito, 2010; Hassabis, Kumaran, & Maguire, 2007) and less specific 
(Berntsen & Jacobsen, 2008; Miles & Berntsen, 2011, but see Cole, Staugaard and 
Berntsen, 2016). 
To replicate and extend these findings, in the present study we assessed some phe-
nomenological properties of past, future, present and a-temporal MW episodes, namely 
the specificity, emotional valence of the thought, intensity of the feeling experienced dur-
ing the thought, and the strength of association between the content and personal current 
currents. For past and future MW episodes we also assessed the intensity of the reliv-
ing/preliving experience.  
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In the study, phenomenological properties were also analyzed for exploratory pur-
poses to verify whether the experimental manipulation of visuo-spatial processing might 
also affect the way in which MW episodes were experienced (i.e., increasing the accessi-
bility of thoughts with different properties).  
Finally, since people may differ in their daily life frequency of past and future ori-
ented MW episodes, and this might confound the effects of our experimental manipulation, 
we asked participants also to complete two scales on the frequency of spontaneous and 
deliberate mind wandering in daily life and to report about the frequency of past and future 
MW, in a second small-group session, carried out 7-10 days after the experimental labor-




Fifty-eight participants1 were recruited from a pool of undergraduate students from 
the University of Florence (40 females, age range 18-28 years, M = 20.58 years). All par-
ticipants spoke Italian as their first language, they were right-handed, and they were 
screened for depressive symptoms. Six participants were thus excluded because they (we 
excluded participants who scored 16 or above at the Italian adaptation of the Beck Depres-
sion Inventory-II (Beck, Steer, & Brown, 1996; Italian adaptation in Ghisi, Flebus, Mon-
tano, Sanavio, & Sica, 2006). Of the remaining 52 participants, half were randomly as-
signed to the Left-pointing arrows (LA group) condition (n = 26; 19 females, age range: 
18-28) and the other half to the Right-pointing arrows condition (RA group) (n = 26; 21 
                                                 
1 Since we planned to mainly run independent samples t-tests, we computed with G*Power3 (Faul, Erdfleder, 
Lang, & Buchner, 2007) that with a total of 50 participants we could have reached a power of approximately .80 
to statistically (alpha = .05) detect effects in the upper part of the moderate range of effect sizes (in terms of 
Cohen's d, a moderate effect is in the .50-.80 range, we mean here .65-.80). We enrolled a few more than 50 in 
case some participants had to be excluded because they did not meet inclusion criteria or turned out to be 
outliers. 
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females, age range: 18-25). Groups did not significantly differ in age and sex ratio. The 
experimental protocol is in line with the declaration of Helsinki and with the regulations 
of the University of Florence that hosted the study. 
 
2.2.Materials 
Participants volunteered to participate in two sessions, that were 7-10 days apart. The two 
sessions were presented as (i) a laboratory session on attention and concentration and (ii) 
a small-group session on individual differences in different dimensions of cognitive func-
tioning, that is, attention and visual imagery. 
Session 1:  
Vigilance task. Participants completed a modified version of the computer-based vigilance 
task developed by Schlagman and Kvavilashvili (2008) and already used in previous stud-
ies on spontaneous cognition (Plimpton et al., 2015; Vannucci, Batool, Pelagatti & Maz-
zoni, 2014; Vannucci, Pelagatti, Hanczakowski, Mazzoni & Rossi Paccani, 2015). The 
task consisted of 800 trials, presented in a fixed order, each remaining on the screen for 
1.5 sec.  
In the LA condition, on each trial, an image was shown on the computer screen de-
picting either a pattern of black left-pointing horizontal arrows (non-target stimuli) or a 
pattern of black horizontal lines (target stimuli). In the RA condition, non-target stimuli 
consisted of a pattern of right-pointing horizontal arrows, whereas the target consisted of 
a pattern of black horizontal lines (as in the LA condition) (Figure 1). In both groups, tar-
get stimuli appeared on 48 trials (6%) and they were presented pseudo-randomly, that is, 
every 15-25 trials, in order to ensure that they occurred at long and irregular intervals. At 
15 fixed points during the presentation, the vigilance task was stopped and some ques-
tions (a probe trial) appeared on the screen. The first question was “What were you 
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thinking about just immediately prior to the probe?” with response options “I was fo-
cused on the task”, “I was thinking about” (and write down a short sentence describing 
their mental content and the trigger, if any), and “My mind was blank”. If participants re-
ported a thought, they were asked two more questions about the spontaneity of the 
thought and its trigger, if any. As for the question about spontaneity, participants had to 
select one of the following options (putting an “X” on the selected option): (1) spontane-
ous (i.e., simply popped into my mind) (2) deliberate (i.e., intentional), or (3) I don’t 
know. As for the trigger, participants had to select one of the following options (putting 
an “X” on the selected option): (1) the thought has been triggered by something in the 
environment; (2) the thought has been triggered by my own thoughts; (3) the thought has 
not trigged by anything (no trigger). 
The first probe was presented at trial 35 and there were a minimum of 35 and a max-
imum of 72 trials between each probe trial. 
Thought questionnaire: After completing the vigilance task, participants provided de-
tails of their mental contents on a questionnaire. First, they were asked to indicate the 
temporal orientation of each mental content, distinguishing among “past”, “present”, “fu-
ture”, and “a-temporal”. Participants were told that an “a-temporal” mental content refers 
to every thought with no specific temporal orientation (i.e., I am a very anxious person; I 
like very much eating pizza) whereas a “present” mental content refers to every thought 
related either to something occurring here and now (i.e., I miss my dog, that is now with 
my boyfriend) or to something occurring in the current period of life (i.e., I don’t get along 
with my mother in this period). Moreover, participants were asked to specify for each event 
(i) whether it was general or specific (ii) the emotional valence (-3 = very negative; 0 = 
neutral; +3 = very positive) of the event (iii) the intensity of the emotion experienced dur-
ing the thought (1 = not at all; 7 = completely). If they chose a memory or future thought, 
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they also rated the intensity of the reliving/preliving experience (1 = not at all; 7 = com-
pletely). 
At the end of this short questionnaire they were also asked to rate on a 7-point scale 
their overall level of concentration (1 = not at all concentrated; 7 = fully concentrated) and 
boredom (1 = not at all; 7 = very bored) experienced during the task and to list their most 
relevant “current concerns”2 (maximum: 5). Moreover, for each thought they had to report 
whether it was associated with one or more current concerns and specify which one/ones 
and the strength of association, by using a 7-point scale (1= not at all; 7= completely).  
Space-time explicit assessment: After completing the thought questionnaire, partici-
pants were asked to indicate their explicit horizontal and vertical spatial association for the 
concepts future and past (Hartmann, Martarelli, Mast & Stocker, 2014). To this aim, they 
received two horizontal and two vertical oriented 7-point Likert scales where the center of 
the line indicated no spatial association, and the left, right, upper, and lower endpoints 
indicated a strong association with this spatial direction. The two scales are reported in the 
supplementary materials of Hartmann et al. (2014).  
Session 2: 
Participants completed the Mind Wandering: Spontaneous (MW-S) and Mind Wan-
dering: Deliberate (MW-D) scales (Carriere. Seli & Smilek, 2013; Italian version in Chi-
orri & Vannucci, 2017) and they answered separate questions about the frequency of spon-
taneous and deliberate past-oriented and future-oriented MW. In the same session partici-
pants also completed a questionnaire on individual differences in visual object and spatial 
                                                 
2 The concept of current concern (Klinger, 1999, 2013) was described as follows: Now we ask you to 
indicate your “current concerns”, that is the most relevant and important topics in this period of your 
life, your “hot topics”. By current concerns we do not mean just "problems". You might have con-
cerns about unpleasant things that you want to get rid of, prevent, or avoid. Or you might have con-
cerns about pleasant things you want to get, obtain, or accomplish. Current concerns could be both 
emotionally negative and positive. 
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imagery (Object-Spatial Imagery Questionnaire, Blajenkova, Kozhevnikov & Motes, 
2006; adaptation for the Italian population in Vannucci, Cioli, Chiorri, Grazi, & Kozhevni-
kov, 2006). The data collected with this questionnaire are not presented and discussed here, 
because they were not relevant for the aims of the present study. 
Mind Wandering: Spontaneous (MW-S) and Mind Wandering: Deliberate (MW-D) 
scale (Carriere et al., 2013; Italian version in Chiorri & Vannucci, 2017). The MW-D and 
the MW-S are 4-item scales that assess individual differences in trait levels of spontaneous 
and deliberate MW, respectively. Items are scored using 7-point, Likert-type, frequency 
or intensity scales and participants are asked to select the answer that most accurately re-
flects their everyday MW. Higher scores reflect a greater tendency to mind wander spon-
taneously or deliberately. Previous studies reported adequate reliability and discriminant 
validity of the two scales (Carriere et al., 2013; Chiorri & Vannucci, 2017). 
The daily-life frequency of spontaneous and deliberate past-oriented and future-ori-
ented MW was assessed in 4 separate questions on scales ranging from 1 (never) to 5 
(always).  
2.3.Procedure 
In Session 1, participants were tested individually. After being welcomed into the 
laboratory, participants were briefly introduced to the research project, presented as a study 
examining concentration and its correlates, and signed a consent form.  
Once this stage was completed, they received the instructions for the vigilance task. 
In this task they were asked to detect target stimuli (black horizontal lines) among a large 
number of non-target stimuli (black horizontal arrows), by pressing a button each time 
they detected a target stimulus. Participants were informed that, due to the task being 
quite monotonous, they could find themselves thinking about other things (e.g., thoughts, 
plans, considerations, past events, images, etc.). These thoughts might simply pop into 
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their mind spontaneously or they might be intentionally generated. Participants were in-
formed that they would be interrupted during the performance and presented with 
thought probes consisting of questions about their focus of attention just immediately 
prior to the probe. After the instructions, participants were given a short practice of the 
vigilance task (50 trials). When the vigilance task was over, they were presented with the 
brief descriptions of their mental contents and asked to complete a brief questionnaire 
(thought questionnaire, see Materials). They were also asked to rate their level of con-
centration and boredom experienced during the task, to report the association between 
their thoughts and their current concerns and to indicated their explicit horizontal and 
vertical spatial association for the concepts future and past (space-time explicit assess-
ment, see Materials). Finally, participants were debriefed and dismissed. 
The total session1 lasted from approximately 70 to 90 minutes. 
Session 2 took place 7-10 days after Session 1. Participants were tested in small 
groups, and they were administered two scales on the frequency of spontaneous and de-
liberate MW in daily-life (see Materials), questions on the frequency of past and future 
MW, and a questionnaire on individual differences in visual object and spatial imagery. 
At the end, participants were fully debriefed about the questionnaires and the association 
between the two sessions and dismissed. 
3. Results 
3.1. Performance on vigilance task 
All participants completed the vigilance task successfully, with an average of 47.46 
(SD = 1.13) targets detected (out of 48), and no significant differences between the groups 
(LA group: M = 47.54; RA group: M = 47.38), t < 1. There were no significant group 
differences in the level of concentration experienced during the task (LA group: M = 4.69; 
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RA group: M = 4.77), t < 1, and in the level of boredom (LA group: M = 4.00; RA group: 
M = 4.23), t < 1. 
3.2. The role of visuo-spatial cues in mind-wandering  
Before conducting the data analyses on the mental contents, all thoughts recorded by 
participants were independently coded by the first and second authors as either task-related 
or task-unrelated. Task-related contents consisted of any reference to some task features 
or to the participant’s overall performance (i.e., thoughts about the experiment’s duration), 
whereas task-unrelated mental contents did not include references to the task at hand (see 
Plimpton et al., 2015) and included “external distraction” (ED) and “mind wandering” 
(MW) (see Stawarczyk et al., 2011; Stawarczyk, Majerus, Catale, & D' Argembeau, 2014). 
Task-unrelated mental contents were coded as ED, when the participant's attention was 
focused on stimuli that were present in the current environment but unrelated to the task 
at hand. The ED category comprised all thoughts whose content was focused on current 
sensory perceptions unrelated to the task, with the origin of these perceptions being either 
external or internal (i.e., bodily sensations). Task-unrelated mental contents were coded as 
MW when participants had their attention decoupled from the current environment and 
they were experiencing thoughts unrelated to the task at hand. The MW episodes may have 
been triggered by external or internal cues.  
For both categorizations, inter-rater reliability between the coders was very good (cate-
gorization of task-related vs. task-unrelated contents, Kappa = 0.98, SE = 0.01, 95% confi-
dence interval [CI]: 0.96-1.00; categorization of MW vs. ED reports, Kappa = 0.99, SE = 
0.01, 95% CI: 0.97-1.00) and minor disagreements were solved by discussion. 
Out of 570 valid thought probes, 109 were classed as task-related (M = 2.10, SD = 
2.06 per participant) and 461 as task-unrelated mental contents (M = 8.87, SD = 2.98). Out 
of 461 task-unrelated contents, 74 were classed as ED reports (M = 1.42, SD = 1.33, range 
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= 0-5) and 387 as MW reports (M = 7.44, SD = 3.32, range = 1-15). As MW was the focus 
of the present study, task-related thoughts and external distractions were excluded from 
the analyses. In addition, during each though probe, participants were asked to indicate 
whether their thought had arisen spontaneously, deliberately, or whether they did not 
know. Fifty-two participants reported a total of 387 MW episodes and out of the all MW, 
282 were reported as spontaneous MW (M = 5.42, SD = 3.03, range 1-13) and only 69 
were reported as intentional MW (M = 1.33, SD = 1.32, range 0-5). Given the low amount 
of intentional MW episodes, these reports were not further considered in our analyses and 
we focused only on spontaneous MW. 
Of the 282 spontaneous MW episodes, 138 (48.9%) were reported by participants as 
triggered by internal thoughts (M = 2.65, SD = 1.63, range: 0-6), 57 (20.2%) by environ-
mental triggers (M = 1.10, SD = 1.54, range: 0-8), and the remaining 87 (30.9%) by no 
trigger (M = 1.67, SD = 1.56, range: 0-6).  
To assess the effects of the experimental manipulation of spatial cues on the fre-
quency of spontaneous MW episodes, we calculated the average number of spontaneous 
MW reports per person and entered them into a t student (Group: LA group vs. RA group).  
Analyses were run on 51 participants out of 52, one outlier (in the RA group) was excluded 
from the analyses because of the very high frequency with which he reported spontaneous 
past-oriented MW.  
No significant differences between the two groups (LA group: M = 5.35, SD = 3.03; 
RA group: M = 5.64, SD = 3.07) were found (t(49) = -0.34, p = 0.73, d = -0.10). 
Globally, these results suggest that the manipulation of spatial orientation demands 
of the task did not affect the amount of spontaneous MW experienced during the task.  
3.3. Temporal focus of mind wandering and visuo-spatial cues 
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At the end of the vigilance task, participants coded each of their recorded thoughts as 
past memories, future thoughts, thoughts about a current situation, or a-temporal thoughts. 
To assess the effects of the experimental manipulation on the temporal focus of spon-
taneous MW, the mean proportion of each type of thought (past, present, future, and a-
temporal) was calculated per person and entered into a 2 (Group: LA group vs. RA group) 
x 4 (Temporal focus: past, present, future, and a-temporal) mixed ANOVA.  
The analysis was carried out on participants who reported at least 3 spontaneous MW 
episodes, and the epsilon correction for the degrees of freedom suggested by Greer and 
Dunlap (1997) was used to take into account that, for each participant, the sum of the 
values (proportion) across the conditions of the temporal focus factor is constant, namely 
1. The analysis revealed a significant main effect of Temporal focus, F (2.40, 98) = 8.12, 
p < 0.001, 2p  = 0.17). Pairwise comparisons with Bonferroni adjustment indicated that 
the proportion of present (M = .12) was significantly lower than past (M = .29, p < 0.001, 
d = 0.87) and future (M = .29, p < 0.01, d = 0.73) and a-temporal (M = .30, p < 0.01, d = 
0.75). The Group x Type of temporal focus interaction was also significant, F (2.40, 98) = 
8.32, p < 0.001, 2p  = 0.17. The LA group reported a higher proportion of past events 
compared to RA group (M = .42 vs. M = .17, p < 0.001, d = 1.00) and a lower proportion 
of future events (M = .20 vs. M = .37, p = 0.002, d = 0.60). 
In the LA group the proportion of past events was significantly higher than present 
thoughts (p < 0.001, d = 1.07) and future thoughts (p < 0.001, d = 0.85). In the RA group 
the proportion of future thoughts was significantly higher than present thoughts (p < 0.001, 
d = 0.76) and past thoughts (p < 0.001, d = 0.80), the proportion of a-temporal was signif-
icantly higher than present thoughts (p = 0.013, d = 0.60) (Figure 2). 
 
3.4. Phenomenological properties of mind wandering  
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To assess and compare the phenomenological properties of past, future, present and 
a-temporal spontaneous MW episodes we asked participants to indicate, for each thought, 
the specificity, emotional valence of the thought, intensity of the feeling experienced dur-
ing the thought, and the strength of association between the content and personal current 
concerns. For past and future MW episodes we also assessed the intensity of the reliv-
ing/preliving experience.  
However, for METHODOLOGICAL reasons, analyses were carried out only on past 
and future spontaneous MW, as present and a-temporal MW had to be excluded. Out of 
51 participants, only 10 participants reported more than one present-related MW episode, 
and among these 4 had three or more episodes. Even if we allowed a multilevel structure 
to the data, information about present-related MW episodes would come from very few 
participants, with the large majority of the others having missing data. Moreover, the con-
tent of such episodes was quite heterogeneous, at it is spanned from interpersonal to aca-
demic issues, from current activities to weather conditions, or generically reported as "per-
sonal". Classifying these contents in the same category would have raised an issue about 
its distinctivity, i.e., whether observations could have been considered "equal" with respect 
to the characteristic being investigated (see, e.g., Thompson, 2006, pp. 14-15) - differently 
from what happened for the past and future categories, in which content was way more 
homogeneous. We did not consider atemporal MW episodes for the same reason, as their 
contents were very heterogeneous, spanning from songs, to personal preferences and self-
evaluations, that advised against grouping everything in the same category.  
To assess the effects of the experimental manipulation on the phenomenological 
characteristics of past and future spontaneous MW episodes, we used a multilevel (or hi-
erarchical) dataset, in which past and future spontaneous MW episodes were nested into 
participants. The unit of analysis was a single MW episode. The use of this strategy of 
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analysis not only allowed us to take into account the non-independence of the units of 
analysis, but also to accommodate for unequal numbers of data points within participants 
(Jahng, Wood, & Trull, 2008). We specified random-intercept multilevel models to test 
for associations of the factors (Group: LA group vs. RA group; Temporal focus: past, fu-
ture) with the ratings of phenomenological qualities of the MW episodes, which were con-
sidered as the dependent variables. As for the specificity of MW episodes (dichotomous 
variable), we used a generalized linear mixed model (family = binomial). 
The analysis revealed that future spontaneous MW episodes were more strongly as-
sociated with current concerns compared to past spontaneous MW episodes (future Esti-
mated Marginal Mean = 3.87, 95% CI: 3.25-4.50; past Estimated Marginal Mean = 2.92, 
95% CI: 2.28-3.56), F(1, 139.33) = 5.66, p = .019, d =0.40). The effect of Group (F(1, 
42.24) = 1.68, p = 0.202, d = 0.40) and the interaction (F(1, 139.33) = 0.15, p = 0.703, d = 
0.06) were not significant. 
Moreover, past episodes were associated with a significantly higher intensity of re-
living experience than future episodes (preliving) (past Estimated Marginal Mean = 4.64, 
95% CI: 4.16-5.13; future Estimated Marginal Mean = 3.95, 95% CI: 3.47-4.43), 
F(1,128.22) = 7.61, p = .007, d = 0.49). The effect of Group (F(1, 46.32) = 0.13, p = 0.720, 
d = 0.11) and the interaction (F(1, 128.22) = 0.04, p = 0.833, d = 0.04) were not significant.. 
No significant differences were found in the emotional valence of MW episodes 
(Group: F(1, 159) = 0.78, p = 0.377, d = 0.14; Temporal focus: F(1, 159) = 0.10, p = 0.750, 
d = 0.05; Interaction: F(1, 159) = 0.95, p = 0.331, d = 0.15), nor in the intensity of the 
emotion experienced during the thought (Group: F(1, 47.54) = 0.25, p = 0.617, d = 0.15; 
Temporal focus: F(1, 130.55) = 3.35, p = 0.070, d = 0.32; Interaction: F(1, 130.55) = 0.09, 
p = 0.761, d = 0.05 ) or in the specificity of events (dichotomous variable) (Group: log-
odds [reference: RA] = 1.37, standard error [SE] = 0.82, p = 0.117, odds ratio = 3.94 [0.71-
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21.87]; Temporal focus: log-odds [reference: past] = 1.29 p = 0.127, odds ratio = 3.64 
[95% CI: 0.69-19.19]; Interaction: log-odds [reference: past-RA] = -1.03 p = 0.310, odds 
ratio = 0.96 [95% CI: 0.05-2.61]). 
 
3.5. Space-time explicit assessment   
At the end of Session 1, participants were asked to indicate their explicit associations 
between future and past and the horizontal and vertical space.  
As for the horizontal spatial association, from the total of 52 participants, 48 associ-
ated past with the left space, 2 with the right space, and 2 indicated no spatial association. 
Similarly, 48 participants associated future with the right space, 2 with the left space, and 
2 indicated no spatial association. 
As for the vertical spatial association, 37 associated past with the lower space, 10 
with the upper space, and 5 indicated no spatial association. Similarly, 42 participants as-
sociated future with the upper space, 9 with the lower space, and 1 indicated no spatial 
association. For the horizontal spatial association, paired t-test revealed that the mean score 
for past (M = -1.88, SD = 1.04) was significantly lower than for future (M = 2.23, SD = 
1.06), t(51) = 16.29, p < .001, d = 2.26. Similarly, for the vertical spatial association, paired 
t-test revealed that mean scores for past (M = -1.17, SD = 1.81) were significantly lower 
than for future (M = 1.48, SD = 1.95), t(51) = 5.39, p < .001, d = 0.75.  
In line with previous findings (Hartmann et al., 2014), these results confirm that par-
ticipants explicitly associate the past with the lower left, and the future with the top right 
space.  
 
3.6. Temporal focus of mind wandering in daily-life 
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In Session 2, participants completed the MW-S and MW-D scale and they rated the 
frequency of past and future spontaneous and deliberate MW in daily life. Independent 
samples t-tests were performed to compare the scores on these scales between the LA 
group and the RA group. Cohen’s d was computed as effect size for independent-sample 
mean comparisons.  
The two groups did not significantly differ in either MW-S (LA group: M = 4.85, SD 
= 1.23; RA group: M = 4.86, SD = 1.31; p = .96, d < 0.01) or MW-D (LA group: M = 5.18, 
SD = 1.19; RA group: M = 4.67, SD = 1.32; p =.15 d = 0.41) scale scores. Moreover, the 
two groups did not significantly differ in their daily life frequency of spontaneous past 
MW (LA group: M = 3.31, SD = 1.01; RA group: M = 3.16, SD = 0.85; p = 0.58, d = 0.16), 
future MW (LA group: M = 3.54, SD = 1.21; RA group: M = 3.52, SD = 1.05; p = 0.95, d 
= 0.18), deliberate past MW (LA group: M = 2.65, SD = 0.94; RA group: M = 2.84, SD = 
1.03; p= 0.50; d = -0.19), and future MW (LA group: M = 3.88, SD = 0.71; RA group: M 
= 3.96, SD = 0.79; p = 0.72, d = -0.11).  
Even more interesting, we did not find any significant correlations between the num-
ber of past and future spontaneous MW episodes experienced during the task and the 
amount of past and future spontaneous MW episodes reported in daily life (r = 0.16, p = 
0.26; past; r = 0.09, p = 0.52 future).  
 
4. Discussion   
The present study aimed at investigating the causal role of spatial orientation de-
mands of the ongoing task in shaping the temporal orientation of MW. Specifically, we 
tested the hypothesis that the experimental induction of leftward/rightward orienting of 
attention (Left-pointing arrows –LA-group and Right-pointing arrows- RA-group) during 
a vigilance task might steer the temporal focus of MW towards the past and the future 
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respectively. To assess MW, participants were stopped 15 times during the task and rec-
orded their thoughts at that moment. Our findings showed that the experimental manipu-
lation affected the temporal orientation of spontaneous MW, with the LA group reporting 
a higher proportion of past-oriented MW compared to the RA group and a lower proportion 
of future-oriented MW. The two groups did not significantly differ in the proportion of 
present and a-temporal MW episodes.  
More importantly, the two groups did also not significantly differ in their daily-life 
frequency of past and future spontaneous MW and the amount of past and future sponta-
neous MW reported during the vigilance task was not significantly correlated with the 
amount of past and future spontaneous MW experienced in daily life. This lack of an as-
sociation rules out the possibility that the difference between the two experimental groups 
could be due to already existing differences in the daily-life frequency of past and future 
MW. 
Globally, these results provide an important contribution to the research field of mind 
wandering and to the investigation of the mental representation of time. Several studies on 
MW have documented a bias toward thinking about the future (prospective bias) (Small-
wood & Schooler, 2015). However, increasing evidence has been reported suggesting that 
the temporal focus of MW is much more flexible than expected and sensitive to several 
variables, as task (e.g. cognitive load of the on-going task; exposure to verbal cues; elici-
tation of the illusion of self-motion) and participants' characteristics (e.g. mood) (Miles et 
al., 2010; Plimpton et al., 2015; Poerio et al., 2013; Vannucci et al., 2017).  
Our results confirm the flexibility of the temporal focus of MW and its sensitivity to 
space manipulation, and they go a step further by showing that time can be also manipu-
lated by systematically modifying the spatial orientation demands of the ongoing task. 
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Specifically, our study shows that the experimental manipulation affects the accessibility 
of different temporal perspectives in spontaneous MW.  
Two different explanations might be advanced for this effect. First, since we manip-
ulated visuo-spatial orientation demands of the task, spatial attention is most presumably 
the mechanism involved in this effect. To this regard, some studies have already shown 
that time and space are processed similarly and they are directly influenced by experi-
mental manipulation of spatial attention, as for example prismatic adaptation (e.g, see An-
elli et al., 2016; Frassinetti et al., 2009; Magnani, Oliveri, Mangano, & Frassinetti, 2010; 
Oliveri, Magnani, Filippelli, Avanzi, & Frassinetti, 2013).  
For example, Frassinetti, Magnani, and Olivieri (2009) have shown that the percep-
tion of temporal durations can be altered through the manipulation of spatial attention, with 
leftward attentional shift, induced by prismatic adaptation, resulting in underestimation of 
temporal durations, and rightward attentional shift resulting in overestimation.  
More recently, Anelli et al. (2016) have found that the experimental manipulation of 
spatial attention can also influence the processing of more conceptual aspects of time, as 
humans’ ability to travel mentally back and forward in time. In the study, the authors found 
that leftward and rightward shifts of spatial attention, induced by prismatic adaptation, 
facilitated mental time travel towards the past and the future respectively. The effects of 
prismatic adaptation on mental time travel suggest that “spatial attention can also priori-
tize processing of particular locations in time, tuning individuals to the past or the future” 
(Anelli et al., 2016, p. 4). 
In line with these findings, the effects we found on the temporal orientation of spon-
taneous MW can be interpreted as a result of the shifts of visuo-spatial attention induced 
by our experimental manipulation: leftward and rightward shifts of attention would orient 
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individuals more toward the past and the future respectively, thereby increasing the num-
ber of spontaneous past and future-oriented MW episodes.  
However, a second explanation of our findings needs also to be considered. In our 
study we used directional stimuli, namely left-pointing and right-pointing arrows, and the 
exposure to these stimuli might, strictly speaking, not have produced a shift in spatial at-
tention per se, but simply evoked an abstract association between spatial and temporal 
codes (“left” being stronger associated with the past and “right” with the future; Santiago 
et al., 2007). Future studies are needed to distinguish between these explanations. Ideally, 
they would directly compare the arrow condition we used in the present experiment with 
a more direct manipulation of spatial attention, such as prismatic adaptation.   
Future studies could also include a control condition without directional arrows in or-
der to determine the relationship between past- and future directed MW in the present para-
digm. As mentioned in the Introduction section, many MW studies have described a “pro-
spective bias”, and the effect of left- and right-pointing arrows would thus not be expected to 
be symmetric.  
In the present study, we also examined the phenomenological properties of MW, with 
a special focus on the comparison of past and future spontaneous MW episodes. Differences 
emerged between the two temporal orientation in a few phenomenological properties. In line 
with the results of previous studies on involuntary autobiographical memories and future 
thoughts (Cole & Berntsen, 2015), we found that future-related spontaneous MW episodes 
were more strongly associated with personal current concerns compared to past-related MW 
episodes. Significant differences were also found in the intensity of the experience of reliving 
vs pre-living, with stronger intensity for the reliving compared to the pre-living. This differ-
Running head: Space and time interaction in mind wandering   
 
24 
ence is in line with the results of previous studies, showing that involuntary future event rep-
resentations are less detailed than involuntary memories of past events (Berntsen & Jacobsen, 
2008) and less vivid (Cole & Berntsen, 2015).  
We originally intended to examine also present-related and atemporal episodes of 
MW. Unfortunately, the sparseness of these episodes and the heterogeneity of their contents 
prevented us to considered them for any reasonable analysis. More research is therefore 
needed to address this issue and the methodological challenges related to it.  
Our experimental manipulation affected the temporal orientation of MW with less, if 
any, effect on their phenomenological properties. These results suggest that the characteris-
tics of MW are largely unaffected by the way visuo-spatial processing impacts upon the ac-
cessibility of past and future events. However, future studies should assess the effects on 
other characteristics of MW which have not been assessed in the present study, that are nev-
ertheless related to the temporal dimension of events. One example is the temporal distance 
of an event from the present, that is how far in the past an event had occurred, or how far in 
the future participants were projecting themselves during a MW episode.  
In a recent study on MW, Plimpton et al (2015) found that the majority of future 
thoughts were projections into the immediate future (less than one month) and very few into 
the distant future. The opposite pattern was found for past events (see also Cole et al., 2015 
for similar findings).   
The results of a recent study by Ding et al. (2015) suggest that spatial representations 
of past and future are symmetric in near past and near future in mental time line, but they are 
asymmetric in distant past and future, with the spatial representation of past being stronger 
than that of future (ie., the distance effect for the past was stronger than that of the future).  
On the basis of these findings, one might hypothesize that temporal distance in MW 
(i.e., accessibility of near versus distant past or future) might be differentially altered 
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through the manipulation of spatial attention, with a stronger effect on the past than the 
future. Analogous effects have been described for number space, where lateral eye move-
ments are a fairly reliable predictor of whether a person thinks of a small or a large number 
(Loetscher, Bockisch, Nicholls & Brugger, 2010). Also along the number line, the magni-
tude of an eye movement in one direction is related to the distance from a given standard, 
and the orienting effects toward small numbers are larger than toward large numbers (Lo-
etscher, Bockisch, & Brugger, 2008). Mapping the arrow of time onto space in a compa-
rably continuous way may reveal new insights onto a general magnitude processing system 
in the human brain. To this end, MW may serve as an ideal paradigm.   
Finally, it should also be noted that this study enrolled only young adults. Future stud-
ies might extend the investigation to other populations of special interest for research on 
MW, such as elderly people and people who exhibit clinical depression. Studies on aging 
have shown a reduction in MW in healthy older adults compared to young adults (for a dis-
cussion, see Maillet & Schacter, 2016a), and an age-related increase in reliance on the envi-
ronment (Craik, 1986; Maillet & Schacter, 2016b) and a retrospective bias. Future studies 
should examine the effects of the exposure to visuo-spatial cues on the temporal orientation 
of MW in elderly people and verify whether the presence of right-ward attention induction 
might increase the frequency of future-oriented MW and reduce the retrospective bias in el-
derly people. Within the field of MW research, several studies have reported a positive rela-
tionship between past-oriented MW, and measures of negative mood and dysphoria (e.g. Poe-
rio et al., 2013; Smallwood & O'Connor, 2011).  Hence, an investigation of the effects of 
visuo-spatial orientation on the temporal focus of MW in dysphoric and depressed individuals 
would help to expand the results of this study. 
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Figure 1. Example of the stimulus displays in LA group (left) and RA group (right)  
Figure 2. Mean proportion of past-focused, present-focused, future-focused, and a-
temporal mind wandering in the LA group and RA group.   
 
 
 
 
